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Menelaos Karanasos and J. Kim 
 PRPHQWV RI WKH DUPD0HJDUFK PRGHO
P NDUDQDVRV DQG M NLP
Xqlyhuvlw| ri \run/ Khvolqjwrq/ \run/ \343 8GG/ XN
Mxqh 5333
Devwudfw
Wklv sdshu frqvlghuv wkh prphqw vwuxfwxuh ri wkh DUPD+u/v,0HJDUFK+s/t, prgho1 Lq sdu0
wlfxodu/ zh surylgh wkh dxwrfruuhodwlrq ixqfwlrq dqg dq| duelwudu| prphqw ri wkh frqglwlrqdo ydul0
dqfh2vtxduhg huuruv1 Lq dgglwlrq/ zh ghulyh wkh furvv fruuhodwlrqv ehwzhhq wkh surfhvv dqg wkh frqgl0
wlrqdo yduldqfh2vtxduhg huuruv1 Zh dovr h{sodlq rxu jhqhudo uhvxowv xvlqj wkh PD+4,0HJDUFK+6/6,
dqg wkh PD+4,0HJDUFK+4/7, prghov dv h{dpsohv1 Ilqdoo|/ wkh sudfwlfdo lpsolfdwlrqv ri wkh uhvxowv
duh looxvwudwhg hpslulfdoo| xvlqj gdlo| gdwd rq irxu Hdvw Dvld Vwrfn Lqglfhv1
Nh|zrugv= Dxwrfruuhodwlrqv/ H{srqhqwldo JDUFK/ Vwrfn Uhwxuqv1
MHO Fodvvl￿fdwlrq= F551
Dgguhvv iru fruuhvsrqghqfh= Hpdlo= pn49C|run1df1xn/ Who= 34<370766:<</ Id{= 34<370766:8<1
Zh zrxog olnh wr wkdqn N Dedglu dqg P Ndudqdvvrx iru khosixo frpphqwv dqg vxjjhvwlrqv1
44 LQWURGXFWLRQ
Rqh ri wkh sulqflsdo hpslulfdo wrro xvhg wr prgho yrodwlolw| lq dvvhw pdunhwv kdv ehhq wkh DUFK fodvv ri
prghov1 Iroorzlqj Hqjoh*v +4<;5, sdwkeuhdnlqj lghd/ vhyhudo irupxodwlrqv ri frqglwlrqdoo| khwhurvfhgdvwlf
prghov +h1j1 JDUFK/ Iudfwlrqdo Lqwhjudwhg JDUFK/ Vzlwfklqj JDUFK/ Frpsrqhqw JDUFK, kdyh
ehhq lqwurgxfhg lq wkh olwhudwxuh/ iruplqj dq lpphqvh DUFK idplo|1 Pdq| ri wkh sursrvhg JDUFK
prghov lqfoxgh d whup wkdw fdq fdswxuh fruuhodwlrq ehwzhhq uhwxuqv dqg frqglwlrqdo yduldqfh1 Prghov
zlwk wklv ihdwxuh duh riwhq whuphg dv|pphwulf ru ohyhudjh yrodwlolw| prghov41 Rqh ri wkh hduolhvw dv|p0
phwulf JDUFK prghov lv wkh HJDUFK +H{srqhqwldo jhqhudol}hg DUFK, prgho ri Qhovrq +4<<4,15 Wkh
HJDUFK prgho lv pruh jhqhudo wkdq wkh vwdqgdug JDUFK prgho lq wkdw lw doorzv lqqrydwlrqv ri gli0
ihuhqw vljqv wr kdyh d gl￿huhqwldo lpsdfw rq yrodwlolw| wkdq grhv wkh vwdqgdug JDUFK prgho1 Dovr/ lq
frqwudvw wr wkh frqyhqwlrqdo JDUFK vshfl￿fdwlrq zklfk uhtxluhv qrqqhjdwlyh frh!flhqwv/ wkh HJDUFK
prgho e| prgholqj wkh orjdulwkp ri wkh frqglwlrqdo yduldqfh grhv qrw lpsrvh wkh qrqhjdwlylw| frqvwudlqwv
rq wkh sdudphwhu vsdfh1
AIurp wkh pdq| gl￿huhqw ixqfwlrqdo irupv wkh HJDUFK prgho kdv ehfrph shukdsv wkh prvw frp0
prq1 Lq sduwlfxodu/ ydulrxv fdvhv ri wkh HJDUFK prgho kdyh ehhq dssolhg e| pdq| uhvhdufkhuv1 Iru
h{dpsoh/ lw kdv ehhq xvhg wr h{dplqh wkh lqwhuhvw udwhv +Euxqqhu dqg Vlprq/ 4<<9/ Dqghuvhq dqg Oxqg/
4<<:/ Ndyxvvdqrv dqg Dol}dghk/ 4<<</ Nlp dqg Vkhhq/ 5333,/ wr prgho iruhljq h{fkdqjh udwhv +Kx/ hw
do1/ 4<<:/ Kdiqhu/ 4<<;/ Nlp/ 4<<;/ Orer dqg Wxiwh/ 4<<;,/ dqg wr dqdo|}h vwrfn uhwxuqv +Nrxwprv dqg
Errwk/ 4<<8/ Hslvfrsrv/ 4<<9/ Uh|hv/ 4<<9/ Kdjhuxg/ 4<<:/ Errwk/ hw do1/ 4<<:/ Grqdogvrq dqg Ndpvwud/
4<<:/ Nxvl dqg Shvfhwwr/ 4<<;,1 Wkh HJDUFK prgho kdv dovr ehhq dssolhg wr wkh lqwhuhvw udwh ixwxuhv
pdunhwv +Wvh dqg Errwk/ 4<<9/ Wvh/ 4<<;,1
Ydulrxv dxwkruv kdyh frpsduhg wkh HJDUFK prgho zlwk rwkhu dowhuqdwlyh frqglwlrqdo khwhurvfhgdv0
wlf prghov1 Iru h{dpsoh/ Grqdogvrq dqg Ndpvwud +4<<:, frpsduhg wkh HJDUFK prgho zlwk dq duwl￿0
fldo qhxudo qhwzrun JDUFK prgho> Kdiqhu +4<<;, frpsduhg wkh HJDUFK prgho zlwk qrqsdudphwulf
JDUFK prghov> Euhlgw/ hw do1 +4<<;, frpsduhg orqj phpru| vwrfkdvwlf yrodwlolw| prghov zlwk HJDUFK
dqg ILHJDUFK prghov1
Dowkrxjk wkh HJDUFK prgho zdv lqwurgxfhg doprvw d ghfdgh djr dqg kdv ehhq zlgho| xvhg lq
hpslulfdo dssolfdwlrqv/ lwv vwdwlvwlfdo surshuwlhv kdyh rqo| uhfhqwo| ehhq h{dplqhg e| uhvhdufkhuv1 Hqjoh
dqg Qj +4<<6, duwl￿fldoo| qhvwhg wkh JDUFK dqg HJDUFK prghov/ hvwlpdwhg wklv qhvwhg vshfl￿fdwlrq/
dqg wkhq dssolhg olnholkrrg udwlr whvwv +wklv dssurdfk zdv dovr xvhg e| Kx/ hw do1/ 4<<:,1 Khqwfkho
+4<<8, ghyhorshg d idplo| ri dv|pphwulf JDUFK prghov wkdw qhvwv erwk wkh D0SDUFK prgho dqg wkh
HJDUFK prgho1 Ghe +4<<9, h{dplqhg wkh ￿qlwh vdpsoh surshuwlhv ri wkh pd{lpxp olnholkrrg dqg
txdvl0pd{lpxp olnholkrrg hvwlpdwruv ri HJDUFK+4/4, surfhvvhv xvlqj Prqwh Fduor phwkrgv1 Ohh dqg
Euruvhq +4<<:, sursrvhg d Fr{0w|sh qrq0qhvwhg whvw ri JDUFK yhuvxv HJDUFK prghov1 Slhuuh +4<<;,
irxqg wkdw/ uhjdugohvv ri wkh dvvxpswlrq pdgh derxw wkh frqglwlrqdo huuru glvwulexwlrq/ wkh HJDUFK
prgho lv vhqvlwlyh wr wkh fkrlfh ri vwduwlqj ydoxhv dqg wkh ghjuhh ri frpsxwhu suhflvlrq1 Dqghuvhq/ hw
do1 +4<<<, shuiruphg dq h{whqvlyh Prqwh Fduor vwxg| ri h!flhqw phwkrg ri prphqwv hvwlpdwlrq ri wkh
HJDUFK prgho1
Wklv sdshu irfxvhv vroho| rq wkh prphqw vwuxfwxuh ri wkh jhqhudo DUPD+u/v,0HJDUFK+s/t, prgho1
Dowkrxjk wkh olwhudwxuh rq wkh JDUFK2HJDUFK prghov lv txlwh h{whqvlyh/ uhodwlyh ihzhu sdshuv kdyh
h{dplqhg wkh prphqw vwuxfwxuh ri prghov zkhuh wkh frqglwlrqdo yrodwlolw| lv wlph0ghshqghqw1 Vshfl￿fdoo|/
vrph vwxglhv kdyh h{dplqhg wkh wlph vhulhv surshuwlhv ri wkh frqglwlrqdo yduldqfh +vhh/ iru h{dpsoh/
Ndudqdvrv 4<<</ 5333, dqg wkh uhodwlrq ehwzhhq wkh frqglwlrqdo phdq dqg wkh frqglwlrqdo yduldqfh +vhh/
iru h{dpsoh/ Ndudqdvrv dqg Nlp/ 5333/ dqg Irxqwdv/ hw do1/ 5333,1
Zh frqwulexwh wr wklv olwhudwxuh e| ghulylqj +l, wkh dxwrfruuhodwlrq ixqfwlrq ri wkh frqglwlrqdo yduldqfh
dqg ri wkh vtxduhg huuruv/ dqg +ll, wkh furvv fruuhodwlrqv ehwzhhq wkh surfhvv dqg wkh vtxduhg huuruv1 Wr
4Wkh dv|pphwulf uhvsrqvh ri yrodwlolw| wr srvlwlyh dqg qhjdwlyh vkrfnv lv zhoo nqrzq lq wkh ￿qdqfh olwhudwxuh dv wkh
ohyhudjh h￿hfw ri wkh vwrfn pdunhw uhwxuqv +Eodfn/ 4<:9,1 Uhvhdufkhuv kdyh irxqg wkdw yrodwlolw| whqgv wr ulvh lq uhvsrqvh
wr ￿edg qhzv￿ +h{fhvv uhwxuqv orzhu wkdq h{shfwhg, dqg wr idoo lq uhvsrqvh wr ￿jrrg qhzv￿ +h{fhvv uhwxuqv kljkhu wkdq
h{shfwhg,1
5Dqrwkhu srsxodu dv|pphwulf JDUFK vshfl￿fdwlrq lv wkh Dv|pphwulf Srzhu DUFK +D0SDUFK, prgho ri Glqj/
Judqjhu dqg Hqjoh +4<<6,1 Wkh D0SDUFK lv d jhqhudo prgho zklfk lqfoxghv vhyhudo rwkhu dv|pphwulf prghov dv vshfldo
fdvhv +h1j1 wkh JMU prgho/ sursrvhg e| Jorvwhq/ Mdjdqqdwkdq dqg Uxqfnoh/ 4<<6/ dqg wkh WDUFK prgho/ lqwurgxfhg e|
]dnrldq/ 4<<7,1
5rewdlq wkh wkhruhwlfdo uhvxowv dqg wr fduu| rxw wkh hvwlpdwlrq zh dvvxph wkdw wkh huuru whup lv gudzq
iurp hlwkhu wkh qrupdo/ ru wkh grxeoh h{srqhqwldo ru wkh jhqhudol}hg huuru glvwulexwlrqv1
Zh vkrxog qrwh wkdw/ zkloh wklv uhvhdufk zdv lq surjuhvv/ Ghprv +5333, zdv vlpxowdqhrxvo| dqg
lqghshqghqwo| vwxg|lqj wkh dxwrfruuhodwlrq vwuxfwxuh ri d prgho wkdw qhvwv erwk wkh HJDUFK dqg
vwrfkdvwlf yrodwlolw| vshfl￿fdwlrqv1 Krzhyhu/ kh rqo| h{dplqhv wkh dxwrfruuhodwlrqv ri wkh frqglwlrqdo
yduldqfh2vtxduhg huuruv zkloh zh jlyh wkh dxwrfruuhodwlrqv ehwzhhq wkh n40wk dqg n50wk srzhuv +n4/n5 A
3, ri wkh frqglwlrqdo yduldqfh2vtxduhg huuruv/ kh dvvxphv qrupdolw| zkhuhdv zh dovr xvh wkh grxeoh
h{srqhqwldo dqg wkh jhqhudol}hg huuru glvwulexwlrqv/ dqg ￿qdoo| kh uhvwulfwv klv dqdo|vlv wr d zklwh qrlvh
vshfl￿fdwlrq ri wkh frqglwlrqdo phdq6 zkloh zh xvh d jhqhudo DUPD+u/v, surfhvv1
Dovr qrwhg wkdw wkh frh!flhqwv ri wkh Zrog uhsuhvhqwdwlrq ri wkh frqglwlrqdo phdq dqg yduldqfh duh
qhhghg iru wkh frpsxwdwlrq ri wkh dxwrfruuhodwlrqv1 Lq frqwudvw wr Ghprv +5333, zh surylgh h{dfw irup
vroxwlrqv zklfk h{suhvv wkh frh!flhqwv lq whupv ri wkh sdudphwhuv ri wkh prylqj dyhudjh sro|qrpldov
dqg wkh urrwv ri wkh dxwruhjuhvvlyh sro|qrpldov1
Wkh uhvw ri wkh sdshu lv rujdql}hg dv iroorzv1 Vxevhfwlrq 514 lqyhvwljdwhv wkh dxwrfruuhodwlrq ixqfwlrq
ri wkh frqglwlrqdo yduldqfh iru wkh HJDUFK+4/t, dqg HJDUFK+s/4, prghov1 Vxevhfwlrq 515 suhvhqwv
wkh dxwrfruuhodwlrqv ri wkh vtxduhg huuruv dqg surylghv wkh furvv fruuhodwlrqv ehwzhhq wkh surfhvv dqg lwv
frqglwlrqdo yduldqfh iru wkh jhqhudo DUPD+u/v,0HJDUFK+s/t, prgho1 Vhfwlrq 6 glvfxvvhv wkh gdwd dqg
suhvhqwv wkh hpslulfdo uhvxowv1 Wkh ￿qdo Vhfwlrq frqfoxghv wkh sdshu dqg vxjjhvwv ixwxuh ghyhorsphqwv1
Surriv duh irxqg lq wkh Dsshqglfhv1
5 HJDUFK PRGHO
514 HJDUFK+4/t, Prgho
Sdjdq dqg Vfkzhuw +4<<3,/ dqg Grqdogvrq dqg Ndpvwud +4<<:, irxqg wkdw wzr odj vtxduhg huuruv duh
uhtxluhg iru wkh V)S 833 HJDUFK1 Nlp dqg Nrq +4<<7, xvhg dq HJDUFK+4/6, prgho iru doo lqglylgxdo
vwrfnv lq wkh Grz Mrqhv Lqgxvwuldo Dyhudjh1 Wkh jhqhudo HJDUFK+4/t, prgho lv jlyhq e|










m‘>% w @ hwk
4
5





E+O,@4 ￿ ￿4O +514g,
￿ Dvvxpswlrq 41 Wkh dxwruhjuhvvlyh sdudphwhu ￿4 lv ohvv wkdq 4 lq devroxwh ydoxh +fryduldqfh vwd0
wlrqdulw| frqglwlrq,1
￿ Dvvxpswlrq 51 Wkh sro|qrpldov E+O, dqg F+O, kdyh qr frpprq ohiw idfwruv rwkhu wkdq xqlprgxodu
rqhv +luuhgxflelolw| frqglwlrq,1
Sursrvlwlrq 4 Xqghu Dvvxpswlrqv 4 dqg 5 wkh +n4 . n5,0wk prphqw ri wkh frqglwlrqdo yduldqfh/
dqg wkh dxwr fryduldqfhv2fruuhodwlrqv ehwzhhq wkh n40wk dqg n50wk srzhuv +n4>n 5 A 3, ri wkh frqgl0
wlrqdo yduldqfh/ duh jlyhq e|
6Dowkrxjk Ghprv +5333, h{dplqhv rqo| wkh zklwh qrlvh fdvh/ kh doorzv wkh frqglwlrqdo yduldqfh wr d￿hfw wkh phdq zlwk





































































































































4 >l A t
+516h,
zkhuh I ghqrwhv wkh k|shujhrphwulf ixqfwlrq +vhh Dedglu/ 4<<<,1
Wkh surri ri Sursrvlwlrq 4 lv jlyhq lq Dsshqgl{ D1
515 HJDUFK+s/4, Prgho
Qhovrq +4<<4, hvwlpdwhg dq HJDUFK +5/4, prgho xvlqj gdlo| h{fhvv uhwxuqv rq wkh ydoxh0zhljkwhg FUSV
lqgh{1 Grqdogvrq dqg Ndpvwud +4<<:, irxqg wkdw wkh rswlpdo HJDUFK vshfl￿fdwlrq iru wkh WVHF vwrfn
lqgh{ zdv wkh 5/41 Slhuuh +4<<;, dovr fkrvh wkh HJDUFK+5/4, prgho iru dq htxdoo|0zhljkwhg lqgh{ pdgh
xs ri ￿upv rq wkh Q\VH2DPH[1 Wkh jhqhudo HJDUFK+s/4, prgho lv jlyhq e| htxdwlrqv +514d,0+514e,/




+4 ￿ ￿oO,> +517d,
F+O,@f4O +517e,
￿ Dvvxpswlrq 61 Doo wkh urrwv ri wkh dxwruhjuhvvlyh sro|qrpldo E+O, olh rxwvlgh wkh xqlw flufoh
+fryduldqfh0vwdwlrqdulw| frqglwlrq,1
Lq zkdw iroorzv zh rqo| h{dplqh wkh fdvh zkhuh doo wkh urrwv ri wkh dxwruhjuhvvlyh sro|qrpldo E+O,
duh glvwlqfw1
Sursrvlwlrq 5 Xqghu Dvvxpswlrq 6 dqg zkhq wkh frqglwlrqdo glvwulexwlrq lv wkh qrupdo/ wkh +n4.n5,0wk
prphqw ri wkh frqglwlrqdo yduldqfh/ dqg wkh dxwr fryduldqfhv2fruuhodwlrqv ehwzhhq wkh n40wk dqg n50wk
7srzhuv +n4>n 5 A 3, ri wkh frqglwlrqdo yduldqfh duh jlyhq e| htxdwlrqv +515d,0 +515f, dqg +516d,0+516e,/
zkhuh wkh h iG/ ￿4l/d q g￿5l whupv duh jlyhq e|
h iG @



























Wkh surri ri Sursrvlwlrq 5 lv jlyhq lq Dsshqgl{ D1
516 DUPD+u/v,0HJDUFK+s/t, Prgho
Grqdogvrq dqg Ndpvwud +4<<:, irxqg wkdw wkh rswlpdo HJDUFK vshfl￿fdwlrq iru wkh QLNNHL vwrfn
lqgh{ zdv wkh frpsoh{ 6/51 Kx/ hw do1 +4<<:, irxqg wkdw lq wkh suh0HPV shulrg wkh pdmrulw| ri wkh
Hxurshdq fxuuhqflhv iroorzhg dq DU+8,0HJDUFK+7/7, prgho1 Wkh jhqhudo DUPD+u/v,0HJDUFK+s/t,
prgho lv
￿+O,|w @ e .￿ + O,%w>% w @ hwk
4
5




+4 ￿ !oO,> ￿+O,@4.
v [
o@4
￿oOo>% w @ hwk
4
5
w >h wmw￿4 ￿ LLG+3>4, +519e,
zkhuh wkh kw lv jlyhq e| +514d,0+514e, dqg wkh E+O, dqg F+O, duh jlyhq e| +517d, dqg +514f,/ uhvshf0
wlyho|1
￿ Dvvxpswlrq 71 Wkh sro|qrpldov E+O, dqg F+O, kdyh qr frpprq ohiw idfwruv rwkhu wkdq xqlprgxodu
rqhv +luuhgxflelolw| frqglwlrq,1
Wkhruhp 4d1 Xqghu Dvvxpswlrqv 6 dqg 7 wkh +n4 . n5,0wk prphqw ri wkh frqglwlrqdo yduldqfh/
dqg wkh dxwr fryduldqfhv2fruuhodwlrqv ehwzhhq wkh n40wk dqg n50wk srzhuv ri wkh frqglwlrqdo yduldqfh/
+n4>n 5 A 3, duh jlyhq e| +515d,0+515f,/ zkhuh h iG lv jlyhq e|
h iG @












p>n4>n5 dqg i G whupv duh jlyhq e|







+n4￿i>p.l.4 . n5￿i>l.4,￿i +51;,
dqg ￿i>l dqg ￿i duh gh￿qhg lq +516h, dqg +518f,/ uhvshfwlyho|1
























































zkhuh ￿4l dqg ￿5l duh jlyhq e| +51;,> y ghqrwhv wkh ghjuhhv ri iuhhgrp ri wkh jhqhudol}hg huuru glvwulex0
wlrq1 Zkhq yA4 wkh vxppdwlrqv lq +51<d, dqg +51<e, duh ￿qlwh> zkhq y?4 wkh ￿uvw vxppdwlrq lv ￿qlwh
li dqg rqo| li ￿4l￿ . m￿4lgm￿3> zkhuhdv wkh vhfrqg vxppdwlrq lv ￿qlwh li dqg rqo| li ￿5l￿ . m￿5lgm￿3
+vhh Qhovrq/ 4<<4,1

































>p 9@3 > +5143f,
+5143d, dqg +5143e, krog li dqg rqo| li ￿4l￿ . m￿4lgm ?
s




Wkh surri ri Wkhruhp 4d lv jlyhq lq Dsshqgl{ E1
Wkhruhp 4e1 Xqghu Dvvxpswlrqv 6 dqg 7 wkh 5+n4.n5,0wk prphqw ri wkh huuru whup/ dqg wkh dxwr


























































zkhuh n4 dqg n5 duh uhdo srvlwlyh lqwhjhuv1





p>n4>n5 dqg i G whupv duh jlyhq e| +516d,0+516f,/ +51<d,0+51<f, dqg +5143d,0+5143f,/
9uhvshfwlyho|/ zkhuh wkh GG
5n5>p￿4>n4 dqg ￿G







C^￿4>p￿4+￿ ￿ g,‘5n5 ih
￿5
4>p￿4+￿￿g,5







C^￿4>p￿4+￿ . g,‘5n5 ih
￿5
4>p￿4+￿.g,5















































Lq wkh deryh h{suhvvlrqv ￿ ghqrwhv wkh huuru ixqfwlrq dqg ￿4>p￿4+n4, lv jlyhq e| +51;,1 Zkhq yA4
wkh vxppdwlrq lq +5145e, lv ￿qlwh/ zkhuhdv zkhq y?4 wkh vxppdwlrq lv ￿qlwh li dqg rqo| li ￿4>p￿4￿ .
m￿4>p￿4gm￿3= Wkh uljkw kdqg vlgh ri +5145f, frqyhujhv li dqg rqo| li ￿4>p￿4￿ . m￿4>p￿4gm ?
s
51
Wkh surri ri Wkhruhp 4e lv jlyhq lq Dsshqgl{ E1
Dvvxpswlrq 81 Doo wkh urrwv ri wkh dxwruhjuhvvlyh sro|qrpldo ￿+O, olh rxwvlgh wkh xqlw flufoh1
Dvvxpswlrq 91 Wkh sro|qrpldov ￿+O, dqg ￿+O, duh ohiw frsulph1
Lq zkdw iroorzv zh h{dplqh rqo| wkh fdvh zkhuh wkh urrwv ri wkh dxwruhjuhvvlyh sro|qrpldo ￿+O, duh
glvwlqfw1
Wkhruhp 51 Xqghu Dvvxpswlrqv 609 wkh furvv fryduldqfhv2fruuhodwlrqv ehwzhhq wkh surfhvv dqg wkh







A A A ?























































i >o A v

































A A A ?





































whupv duh jlyhq e| +516d,0+516e,/ +51<d,0+51<e,/ dqg +5143d,0+5143e,/ uhvshfwlyho|/
zkhuh wkh GG




















+￿ . g,￿4o s
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> li ￿4o￿ . m￿4ogm ?
s
5 +514:e,
dqg ￿4o+n, lv jlyhq e| +51;,1 Zkhq yA4 wkh vxppdwlrq lq +514:d, lv ￿qlwh/ zkhuhdv zkhq y?4 wkh
vxppdwlrq lv ￿qlwh li dqg rqo| li ￿4o￿ . m￿4ogm￿31
Qrwh wkdw zkhq wkhuh lv qr ohyhudjh h￿hfw +g @3 ,w k hGG
4>o>n lv }hur dqg khqfh wkh furvv fruuhodwlrqv
ehwzhhq wkh surfhvv dqg lwv frqglwlrqdo yduldqfh duh }hur1
Wkh surri ri Wkhruhp 5 lv jlyhq lq Dsshqgl{ F1
6 HPSLULFDO UHVXOWV
614 Gdwd Vhohfwlrqv
Zh xvh irxu gdlo| vwrfn lqglfhv= wkh Nruhdq vwrfn sulfh lqgh{ +NRVSL,/ wkh Mdsdqhvh Qlnnhl lqgh{
+QLNNHL, dqg wkh Wdlzdqhvh Vh zhljkwhg lqgh{ +VH, iru wkh shulrg 4<;3=3404<<:=37 / dqg wkh Vlqjdsruhdq
Vwudlwv Wlphv sulfh lqgh{ +VW, iru wkh shulrg 4<;8=3404<<:=371 Wkh gdlo| revhuydwlrqv iru hdfk frxqwu|
duh h{wudfwhg iurp wkh cGdwdvwuhdp* gdwdedvh1 Lq hdfk fdvh wkh lqgh{ uhwxuq lv wkh ￿uvw gl￿huhqfh ri orj
sulfhv zlwkrxw glylghqgv1 Iljxuh 4 sorwv wkh gdlo| uhwxuqv rq wkh NRVSL/ QLNNHL/ VH dqg VW lqglfhv1
615 Hvwlpdwlrq Uhvxowv
Lq rughu wr fduu| rxw rxu dqdo|vlv ri vwrfn uhwxuqv zh qhhg wr fkrrvh d irup iru wkh phdq htxdwlrq1 Vfkrohv
dqg Zlooldpv +4<::,/ Glqj/ hw do1 +4<<6,/ dqg Glqj dqg Judqjhu +4<<9, vxjjhvwhg d PD+4, vshfl￿fdwlrq
iru wkh phdq/ Or dqg PfNlqod| +4<;;,/ Dnjlud| +4<;<, dqg Qhovrq +4<<4, xvhg dq DU+4, irup/ zkhuhdv
Khqwvfkho +4<<8, prghohg wkh lqgh{ uhwxuq dv d zklwh qrlvh surfhvv1 Dv d sudfwlfdo pdwwhu wkhuh lv olwwoh
gl￿huhqfh ehwzhhq dq DU+4, dqg d PD+4, prgho zkhq wkh DU dqg wkh PD frh!flhqwv duh vpdoo dqg wkh
dxwrfruuhodwlrqv dw odj rqh duh htxdo/ vlqfh wkh kljkhu rughu dxwrfruuhodwlrqv glh rxw yhu| txlfno| lq wkh
DU prgho +Qhovrq/ 4<<4,1 Zh wkhuhiruh prgho doo wkh irxu vwrfn uhwuqv dv PD+4, surfhvvhv1 Wkh PD+4,
prgho lv
|w @ e .+ 4.￿O,%w>% w @ hwk
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w >h wmw￿4 ￿ LLG+3>4, +614,
Wr vhohfw rxu cehvw* HJDUFK vshfl￿fdwlrq zh ehjlq zlwk orz rughu prghov +h1j1/ HJDUFK+4/4,, dqg







fl+mhw￿lm . glhw￿l, +615,
Wdeoh 5 uhsruwv wkh vhohfwhg vshfl￿fdwlrqv1
Wkh Dndlnh Lqirupdwlrq Fulwhulrq +DLF, fkrvh kljk rughu HJDUFK vshfl￿fdwlrqv iru doo lqglfhv1
Zkhq wkh frqglwlrqdo glvwulexwlrq lv wkh qrupdo/ wkh HJDUFK+4/7, vshfl￿fdwlrq zdv fkrvhq lq wzr rxw
;ri wkh irxu lqglfhv1 Iru wkh grxeoh h{srqhqwldo frqglwlrqdo glvwulexwlrq/ wkh HJDUFK+4/6,/ vshfl￿fdwlrq
zdv fkrvhq iru wkh VH dqg QLNNHL lqglfhv/ zkhuhdv wkh HJDUFK+5/4, dqg HJDUFK+4/5, vshfl￿fdwlrqv
zhuh fkrvhq iru wkh NRVSL dqg wkh VW lqglfhv/ uhvshfwlyho|1 Zkhq wkh frqglwlrqdo glvwulexwlrq lv wkh
jhqhudol}hg huuru/ wkh HJDUFK+4/5,/ HJDUFK+5/4, dqg HJDUFK+6/6, vshfl￿fdwlrqv zhuh fkrvhq iru
wkh VH/ VW dqg NRVSL lqglfhv/ uhvshfwlyho|1
Lq dgglwlrq/ zh xvh wkh Olnholkrrg Udwlr whvw wr vkrz wkh shuirupdqfh ri wkh kljk rughu prghov ryhu
wkh vlpsoh HJDUFK+4/4, prgho1 Wkh whvwv vkrz wkh grplqdqfh ri wkh kljk rughu prghov zlwk wkh OU
vwdwlvwlfv ehlqj dv vkrzq lq Wdeoh 6d 1 Wkhvh duh pxfk eljjhu wkdq wkh 8 shufhqw fulwlfdo ydoxhv1
Iru doo wkh vwrfn uhwxuqv sdudphwhu hvwlpdwlrq lv frqgxfwhg mrlqwo| rq d PD+4, phdq vshfl￿fdwlrq7
dqg wkh dssursuldwh HJDUFK prgho iru wkh frqglwlrqdo yduldqfh1 Uhvxowv iru wkh shulrg 4<;304<<: duh
uhsruwhg lq Wdeoh 4/ zklfk suhvhqwv sdudphwhu hvwlpdwhv dorqj zlwk suredelolw| ydoxhv1 Wkh sdudphwhuv
ed q g￿ duh wkh lqwhufhsw dqg PD+4, frh!flhqw/ uhvshfwlyho|/ iru wkh uhwxuq ht1 +614,1 Wkh uhpdlqlqj
sdudphwhuv duh iurp wkh HJDUFK prgho +615,1 Qrw vxusulvlqjo|/ iru doo wkh HJDUFK vshfl￿fdwlrqv
prvw ri wkh prylqj dyhudjh/ ohyhudjh dqg dxwruhjuhvvlyh sdudphwhuv duh vljql￿fdqwo| gl￿huhqw iurp }hur1
Iru doo irxu lqglfhv/ sdudphwhu hvwlpdwhv duh frqvlvwhqw zlwk wkrvh jhqhudoo| uhsruwhg lq wkh olwhudwxuh1
Lq sduwlfxodu/ dv wkh shuvlvwhqfh phdvxuh vkrzv/ yrodwlolw| dsshduv qhduo| lqwhjudwhg1 Shuvlvwhqfh lv jlyhq
e| wkh ydoxh ri wkh kljkhvw urrw ri wkh dxwruhjuhvvlyh sro|qrpldo dqg lw udqjhv iurp 1;;< wr 1<;6 +vhh
Wdeoh 6e,1 Prvw qrwhzruwk| lv wkh revhuydwlrq wkdw lq doo HJDUFK prghov/ wkh surgxfw ri wkh prylqj
dyhudjh sdudphwhu dqg wkh ohyhudjh frh!flhqw iru wkh ￿uvw odjjhg huuru lv qhjdwlyh +vhh froxpq 5 ri Wdeoh
6e,1 Lq dgglwlrq/ wkh vxp ri wkhvh surgxfwv/ ryhu doo wkh odjjhg huuruv/ lv qhjdwlyh dv zhoo +vhh froxpq 6
ri Wdeoh 6e,1
616 Dxwrfruuhodwlrq vwuxfwxuh ri wkh hvwlpdwhg prghov
Wkh HJDUFK+4/7,/ HJDUFK+6/6,/ HJDUFK+4/6,/ HJDUFK+5/4, dqg HJDUFK+4/5, vshfl￿fdwlrqv
duh vshfldo fdvhv ri wkh HJDUFK+7/7, prgho1 Wkh dxwrfruuhodwlrqv ri wkh frqglwlrqdo yduldqfh iru wkh




p>4>4 whupv/ iru wkh qrupdo glvwulexwlrq
duh jlyhq e| +516d,0+516e,/ dqg iru wkh jhqhudol}hg huuru glvwulexwlrq duh jlyhq e| +51<d,0+51<e,/ zkhuh wkh
+￿ ￿ g,￿4l whupv duh
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dqg wkh +￿ ￿ g,￿5l whupv duh














p>4>4 whupv duh jlyhq
7Wkh rqo| h{fhswlrq lv wkh Wdlzdqhvh Vh zhljkwhg lqgh{/ zkhuh wkh zklwh qrlvh vshfl￿fdwlrq lv xvhg iru wkh jhqhudol}hg
huuru dqg wkh grxeoh h{srqhqwldo frqglwlrqdo glvwulexwlrqv1
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￿i+h ￿i>l.4 . h ￿i>l.p.4,
Iljxuh 5 sorwv wkh wkhruhwlfdo dxwrfruuhodwlrqv ri wkh hvwlpdwhg frqglwlrqdo yduldqfh iru doo wkh diruh0
phqwlrqhg HJDUFK prghov1
7F R Q F O X V L R Q V
Lq wklv sdshu zh rewdlqhg d frpsohwh fkdudfwhul}dwlrq ri wkh prphqw vwuxfwxuh ri wkh jhqhudo DUPD+u/v,0
JDUFK+s/t, prgho1 Lq sduwlfxodu/ zh surylghg wkh dxwrfruuhodwlrq ixqfwlrq dqg dq| duelwudu| prphqw
ri wkh vtxduhg huuruv dqg wkh frqglwlrqdo yduldqfh1 Lq dgglwlrq/ zh ghulyhg wkh furvv fruuhodwlrqv ehwzhhq
wkh surfhvv dqg wkh frqglwlrqdo yduldqfh2vtxduhg huuruv1 Wr rewdlq rxu uhvxowv zh dvvxphg wkdw wkh huuru
whup lv gudzq iurp hlwkhu wkh qrupdo ru wkh grxeoh h{srqhqwldo ru wkh jhqhudol}hg huuru glvwulexwlrqv1 Wkh
whfkqltxhv xvhg lq wklv sdshu fdq eh dssolhg wr rewdlq wkh prphqwv ri pruh frpsoh{ HJDUFK prghov olnh
wkh HJDUFK0lq0phdq prgho/ wkh Frpsrqhqw HJDUFK prgho dqg wkh Iudfwlrqdo Lqwhjudwhg HJDUFK
prgho1 Wkh ghulydwlrq ri wkh prphqw vwuxfwxuh ri wkhvh prghov lv ohiw iru ixwxuh uhvhdufk1
43UHIHUHQFHV
Dedglu/ N1 P1/ 4<<</ Dq lqwurgxfwlrq wr k|shujhrphwulf ixqfwlrqv iru hfrqrplvwv/ Hfrqrphwulf Uh0
ylhzv/ 4;/ 5;:06631
Dnjlud|/ Y1/ 4<;</ Frqglwlrqdo khwhurvnhgdvwlflw| lq wlph vhulhv ri vwrfn uhwxuqv= hylghqfh dqg iruh0
fdvwv/ Mrxuqdo ri Exvlqhvv 95/ 880;31
Dqghuvhq/ W1 J1/ Fkxqj/ K1 M1 dqg E1 H1 Vruhqvhq/ 4<<</ H!flhqw phwkrg ri prphqwv hvwlpdwlrq ri
d vwrfkdvwlf yrodwlolw| prgho= d prqwh fduor vwxg|/ Mrxuqdo ri Hfrqrphwulfv/ <4/ 940;:1
Dqghuvhq/ W1 J1 dqg M1 Oxqg/ 4<<:/ Hvwlpdwlqj frqwlqxrxv0wlph vwrfkdvwlf yrodwlolw| prghov ri wkh
vkruw0whup lqwhuhvw udwh/ Mrxuqdo ri Hfrqrphwulfv/ ::/ 67606::1
Eodfn/ I1/ 4<:9/ Vwxglhv ri vwrfn sulfh yrodwlolw| fkdqjhv/ Surfhhglqjv ri wkh 4<:9 phhwlqjv ri wkh
Exvlqhvv dqg Hfrqrplfv Vwdwlvwlfv Vhfwlrq/ Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq/ 4::04;41
Errwk/ J1 J1/ Pduwlndlqhq/ W1 dqg \1 Wvh/ 4<<:/ Sulfh dqg yrodwlolw| vslooryhuv lq Vfdqglqdyldq vwrfn
pdunhwv/ Mrxuqdo ri Edqnlqj dqg Ilqdqfh/ 54/ ;440;561
Euhlgw/ I1 M1/ Fduwr/ Q1 dqg S1 gh Olpd/ 4<<;/ Wkh ghwhfwlrq dqg hvwlpdwlrq ri orqj phpru| lq
vwrfkdvwlf yrodwlolw|/ Mrxuqdo ri Hfrqrphwulfv/ ;6/ 658067;1
Euxqqhu/ D1 G1 dqg G1 S1 Vlprq/ 4<<9/ H{fhvv uhwxuqv dqg ulvn dw wkh orqj hqg ri wkh wuhdvxu| pdunhw=
dq HJDUFK0P dssurdfk/ Wkh Mrxuqdo ri Ilqdqfldo Uhvhdufk/ 47/ 6/ 776078:1
Ghe/ S1/ 4<<9/ Ilqlwh vdpsoh surshuwlhv ri pd{lpxp olnholkrrg dqg txdvl0pd{lpxp olnholkrrg hvwl0
pdwruv ri HJDUFK prghov/ Hfrqrphwulf Uhylhzv/ 48/ 8409;1
Ghprv/ D1/ 5333/ Wkh dxwrfruuhodwlrq ixqfwlrq ri frqglwlrqdoo| khwhurvfhgdvwlf lq phdq prghov/ Gh0
sduwphqw ri Hfrqrplfv/ Dwkhqv Xqlyhuvlw| ri Hfrqrplfv dqg Exvlqhvv/ Glvfxvvlrq Sdshu/ 533303:1
Glqj/ ]1 dqg F1 Z1 M1 Judqjhu/ 4<<9/ Prghoolqj yrodwlolw| shuvlvwhqfh ri vshfxodwlyh uhwxuqv= d qhz
dssurdfk/ Mrxuqdo ri Hfrqrphwulfv/ :6/ 4;805481
Glqj/ ]1/ Judqjhu F1 Z1 M1 dqg U1 I1 Hqjoh/ 4<<6/ D orqj phpru| surshuw| ri vwrfn pdunhw uhwxuqv
dqg d qhz prgho/ Mrxuqdo ri Hpslulfdo Ilqdqfh/ 4/ ;604391
Grqdogvrq/ U1 G1 dqg P1 Ndpvwud/ 4<<:/ Dq duwl￿fldo qhxudo qhwzrun0JDUFK prgho iru lqwhuqdwlrqdo
vwrfn uhwxuq yrodwlolw|/ Mrxuqdo ri Hpslulfdo Ilqdqfh/ 7/ 4:0791
Hqjoh/ U1 I1/ 4<;5/ Dxwruhjuhvvlyh frqglwlrqdo khwhurvnhgdvwlflw| zlwk hvwlpdwhv ri wkh yduldqfh ri
Xqlwhg Nlqjgrp lq dwlrq/ Hfrqrphwulfd 83/ <;:0433:1
Hqjoh/ U1 I1 dqg Y1 N1 Qj/ 4<<6/ Phdvxulqj dqg whvwlqj wkh lpsdfw ri qhzv rq yrodwlolw|/ Mrxuqdo ri
Ilqdqfh/ 8/ 4:7<04::;
Hslvfrsrv/ D1/ 4<<9/ Vwrfn uhwxuq yrodwlolw| dqg wlph0ydu|lqj ehwdv lq wkh Wrurqwr vwrfn h{fkdqjh/
TMEH/ 68/ 5;06;1
Irxqwdv/ V1/ Ndudqdvrv/ P1 dqg P1 Ndudqdvvrx/ 5333/ D JDUFK prgho ri lq dwlrq dqg lq dwlrq
xqfhuwdlqw| zlwk vlpxowdqhrxv ihhgedfn/ Ghsduwphqw ri Hfrqrplfv dqg Uhodwhg Vwxglhv/ Xqlyhuvlw| ri
\run/ Glvfxvvlrq Sdshu/ 53330571
Jorvwhq/ O1 U1/ Mdjdqqdwkdq/ U1 dqg G1 H1 Uxqnoh/ 4<<6/ Rq wkh uhodwlrq ehwzhhq wkh h{shfwhg ydoxh
dqg wkh yrodwlolw| ri wkh qrplqdo h{fhvv uhwxuq rq vwrfnv/ Mrxuqdo ri Ilqdqfh/ 8/ 4::<04;341
Judgvkwh|q/ L1 V1 dqg L1 P1 U|}kln/ 4<<7/ Wdeoh ri Lqwhjudov/ Vhulhv/ dqg Surgxfwv/ Dfdghplf Suhvv/
Orqgrq1
Kdiqhu/ F1 P1/ 4<<;/ Hvwlpdwlqj kljk0iuhtxhqf| iruhljq h{fkdqjh udwh yrodwlolw| zlwk qrqsdudphwulf
DUFK prghov/ Mrxuqdo ri Vwdwlvwlfdo Sodqqlqj dqg Lqihuhqfh/ 9;/ 57:059<1
Kdjhuxg/ J1 H1/ 4<<:/ Prgholqj Qruglf vwrfn uhwxuqv zlwk dv|pphwulf JDUFK prghov/ Ghsduwphqw
ri Ilqdqfh/ Vwrfnkrop Vfkrro ri Hfrqrplfv/ Zrunlqj Sdshu Vhulhv lq Hfrqrplfv dqg Ilqdqfh Qr 4971
Khqwvfkho/ O1/ 4<<8/ Doo lq wkh idplo|1 Qhvwlqj v|pphwulf dqg dv|pphwulf JDUFK prghov/ Mrxuqdo
ri Ilqdqfldo Hfrqrplfv/ 6</ :404371
Kx/ P1 \1/ Mldqj/ F1 [1 dqg F1 Wvrxndodv/ 4<<:/ Wkh Hxurshdq h{fkdqjh udwhv ehiruh dqg diwhu wkh
hvwdeolvkphqw ri wkh Hxurshdq prqhwdu| v|vwhp/ Mrxuqdo ri Lqwhuqdwlrqdo Ilqdqfldo Pdunhwv/ Lqvwlwxwlrqv
dqg Prqh|/ :/ 56805861
Ndudqdvrv/ P1/ 4<<</ Wkh vhfrqg prphqw dqg wkh dxwrfryduldqfh ixqfwlrq ri wkh vtxduhg huuruv ri
wkh JDUFK prgho/ Mrxuqdo ri Hfrqrphwulfv/ <3/ 960:9
Ndudqdvrv/ P1/ 5333/ Suhglfwlrq lq DUPD prghov zlwk JDUFK0lq0phdq h￿hfwv/ iruwkfrplqj lq wkh
Mrxuqdo ri Wlph Vhulhv Dqdo|vlv1
44Ndudqdvrv/ P1 dqg M1 Nlp/ 5333/ Dowhuqdwlyh JDUFK lq phdq prghov= dq dssolfdwlrq wr wkh Nruhdq
vwrfn pdunhw/ Ghsduwphqw ri Hfrqrplfv dqg Uhodwhg Vwxglhv/ Xqlyhuvlw| ri \run/ Glvfxvvlrq Sdshu/
53330581
Ndyxvvdqrv/ P1 J1 dqg D1 K1 Dol}dghk0P/ 4<<</ Wkh h{shfwdwlrqv k|srwkhvlv ri wkh whup vwuxfwxuh
dqg ulvn suhpld lq gu| exon vklsslqj iuhljkw pdunhwv= dq HJDUFK0P dssurdfk/ Xqsxeolvkhg Plphr/
Ghsduwphqw ri Vklsslqj/ Wudglqj dqg Ilqdqfh/ Flw| Xqlyhuvlw| Exvlqhvv Vfkrro1
Nlp/ G1 dqg V1 M1 Nrq/ 4<<7/ Dowhuqdwlyh prghov iru wkh frqglwlrqdo khwhurvfhgdvwlflw| ri vwrfn uhwxuqv/
Mrxuqdo ri Exvlqhvv/ 9:/ 89608<;1
Nlp/ V1 M1/ 4<<;/ Gr Dxvwudoldq dqg wkh XV pdfurhfrqrplf qhzv dqqrxqfhphqwv d￿hfw wkh XVG2DXG
h{fkdqjh udwhB Vrph hylghqfh iurp H0JDUFK hvwlpdwlrqv/ Mrxuqdo ri Pxowlqdwlrqdo Ilqdqfldo Pdqdjh0
phqw/ ;/ 566057;1
Nlp/ V1 M1 dqg M1 Vkhhq/ 5333/ Lqwhuqdwlrqdo olqndjhv dqg pdfurhfrqrplf qhzv h￿hfwv rq lqwhuhvw udwh
yrodwlolw| 0Dxvwudold dqg wkh XV/ Sdfl￿f0Edvlq Ilqdqfh Mrxuqdo/ ;/ ;804461
Nrxwprv/ J1 dqg J1 J1 Errwk/ 4<<8/ Dv|pphwulf yrodwlolw| wudqvplvvlrq lq lqwhuqdwlrqdo vwrfn pdu0
nhwv/ Mrxuqdo ri Lqwhuqdwlrqdo Prqh| dqg Ilqdqfh/ 47/ :7:0:951
Nxvl/ M1 D1 dqg J1 P1 Shvfhwwr/ 4<<;/ Yrodwlolw| dqg yrodwlolw| vsloo0ryhuv lq hphujlqj pdunhwv= wkh
fdvh ri wkh Diulfdq vwrfn pdunhwv/ Hnrqrpld/ 5/ 4:404;81
Ohh/ M1 K1 dqg E1 Z1 Euruvhq/ 4<<:/ D qrq0qhvwhg whvw ri JDUFK yv1 HJDUFK prghov/ Dssolhg
Hfrqrplfv Ohwwhuv/ 7/ :980:9;1
Or/ D1 Z1 dqg D1 F1 PdfNlqod|/ 4<;;/ Vwrfn pdunhw sulfhv gr qrw iroorz udqgrp zdonv= hylghqfh
iurp d vlpsoh vshfl￿fdwlrq whvw/ Uhylhz ri Ilqdqfldo Vwxglhv/ 4/ 740991
Orer/ E1 M1 dqg G1 Wxiwh/ 4<<;/ H{fkdqjh udwh yrodwlolw|= grhv srolwlfv pdwwhuB/ Mrxuqdo ri Pdfurhfr0
qrplfv/ 53/ 68406981
Qhovrq/ G1 E1/ 4<<4/ Frqglwlrqdo khwhurvnhgdvwlflw| lq dvvhw uhwxuqv= D qhz dssurdfk/ Hfrqrphwulfd/
8</ 67:06:31
Sdjdq/ D1 dqg Z1 Vfkzhuw/ 4<<3/ Dowhuqdwlyh prghov iru frqglwlrqdo vwrfn yrodwlolw|/ Mrxuqdo ri Hfrqr0
phwulfv/ 78/ 59:05<31
Slhuuh/ H1 I1 VW1/ 4<<;/ Hvwlpdwlqj HJDUFK0P prghov= vflhqfh ru duwB/ Wkh Txduwhuo| Uhylhz ri
Hfrqrplfv dqg Ilqdqfh/ 6;/ 49:04;31
Suxgqlnry/ D1 S1/ Eu|fknry/ \x1 D1 dqg R1 L1 Pdulfkhy/ 4<<5/ Lqwhjudov dqg Vhulhv/ Ehoo dqg Edlq
Owg1/ Jodvjrz1
Uh|hv/ P1 J1/ 4<<9/ Lqgh{ ixwxuhv wudglqj dqg vwrfn sulfh yrodwlolw|= hylghqfh iurp Ghqpdun dqg
Iudqfh/ Mrxuqdo ri Hfrqrplfv dqg Ilqdqfh/ 53/ ;40;;1
Vfkrohv/ P1 dqg M1 Zlooldpv/ 4<::/ Hvwlpdwlqj ehwdv iurp qrqv|qfkurqrxv gdwd/ Mrxuqdo ri Ilqdqfldo
Hfrqrplfv 8/ 63<065:1
Wvh/ \1/ 4<<;/ Lqwhuqdwlrqdo wudqvplvvlrq ri lqirupdwlrq= hylghqfh iurp wkh Hxur|hq dqg Hxurgroodu
ixwxuhv pdunhwv/ Mrxuqdo ri Lqwhuqdwlrqdo Prqh| dqg Ilqdqfh/ 4:/ <3<0<5<1
Wvh/ \1 dqg J1 J1 Errwk/ 4<<9/ Frpprq yrodwlolw| dqg yrodwlolw| vslooryhuv ehwzhhq X1V1 dqg Hxurgro0
odu lqwhuhvw udwhv= hylghqfh iurp wkh ixwxuhv pdunhw/ Mrxuqdo ri Hfrqrplfv dqg Exvlqhvv/ 7;/ 5<<06451
]dnrldq/ M1 P1/ 4<<7/ Wkuhvkrog khwhurvnhgdvwlf prghov/ Mrxuqdo ri Hfrqrplf G|qdplfv dqg Frqwuro/
4;/ <640<881
45DSSHQGL[
D Surri ri Sursrvlwlrqv 4 dqg 5
SURRI RI SURSRVLWLRQ 4
Xvlqj wkh Zrog uhsuhvhqwdwlrq ri dq DUPD prgho +dv lw lv jlyhq lq Ndudqdvrv/ 5333, dqg wkh































































Zkhq wkh frqglwlrqdo glvwulexwlrq lv wkh qrupdo/ zh xvh irupxod 516148 &: lq Suxgqlnry/ hw do +Yroxph


























iru n @3 >4>5===
Lq wkh deryh h{suhvvlrq ￿ ghqrwhv wkh huuru ixqfwlrq +irupxod ;1583 &4 lq Judgvkwh|q dqg U|}kln/































zkhuh I ghqrwhv wkh k|shujhrphwulf ixqfwlrq +iru dq dowhuqdwlyh ghulydwlrq vhh Wkhruhp D414 lq
Qhovrq/ 4<<4,1
Frpelqlqj htxdwlrqv +D15,/ +D16, dqg +D18,/ diwhu vrph dojheud/ |lhogv +515d,0+516h,1 ￿
SURRI RI SURSRVLWLRQ 5








































































































Frpelqlqj htxdwlrqv +D1:,/ +D1;,/ dqg +D18,/ diwhu vrph dojheud/ jlyhv +515d,0+515f,/ +516d,0+516f,/
+518d, dqg +518e,1 ￿
E Surri ri Wkhruhpv 4d dqg 4e
SURRI RI WKHRUHP 4d
Xvlqj wkh Zrog uhsuhvhqwdwlrq ri dq DUPD prgho +dv lw lv jlyhq lq Ndudqdvrv/ 5333, zh h{suhvv wkh
























































































Qh{w/ zkhq wkh frqglwlrqdo glvwulexwlrq lv wkh qrupdo/ xvlqj htxdwlrqv +E15,/ +E16,/ dqg +D18,/ diwhu
vrph dojheud/ jlyhv htxdwlrqv +515d,0+515f,/ +516d,0+516f,/ +51:, dqg +51;,1
Pruhryhu/ zkhq wkh frqglwlrqdo glvwulexwlrq lv wkh jhqhudol}hg huuru/ wkh h{shfwhg ydoxh ri hn
w(}we lv























zkhuh n lv d qrqqhjdwlyh lqwhjhu1 Zkhq yA4 wkh deryh vxppdwlrq lv ￿qlwh/ zkhuhdv zkhq y?4 wkh
vxppdwlrq lv ￿qlwh li dqg rqo| li e￿ . megm￿3=
47Xvlqj htxdwlrqv +E15,/ +E16,/ dqg +E17, iru n @3 / diwhu vrph dojheud/ |lhogv htxdwlrqv +515d,0+515f,/
dqg +51<d,0+51<f,1















Wkh uljkw kdqg vlgh ri wkh deryh h{suhvvlrq frqyhujhv li dqg rqo| li e￿ . megm ?
s
5= Lq dgglwlrq/ wkh




























Xvlqj htxdwlrqv +E15,/ +E16,/ dqg +E19,/ diwhu vrph dojheud/ jlyhv htxdwlrqv +515d,0+515f,/ dqg +5143d,0
+5143f,1
￿
SURRI RI WKHRUHP 4e































































Qh{w/ zkhq wkh frqglwlrqdo glvwulexwlrq lv wkh qrupdo/ frpelqlqj +E1;d,/ +E1;e, dqg +D18,/ diwhu vrph
dojheud/ |lhogv htxdwlrqv +5144d,0+5144g,/ +516d,0+516f, dqg +5145d,1
Pruhryhu/ zkhq wkh frqglwlrqdo glvwulexwlrq lv wkh jhqhudol}hg huuru/ xvlqj h{suhvvlrqv +E1;d,/ +E1;e,
dqg +E17,/ diwhu vrph dojheud/ jlyhv +5144d,0+5144g,/ +51<d,0+51<f, dqg +5145e,1
Ilqdoo|/ zkhq wkh frqglwlrqdo glvwulexwlrq lv wkh grxeoh h{srqhqwldo/ frpelqlqj htxdwlrqv +E1;d,/
+E1;e, dqg +E18,/ diwhu vrph dojheud/ |lhogv +5144d,0+5144g,/ +5143d,0+5143f, dqg +5145f,1
￿
F Surri ri Wkhruhp 5
Xvlqj Ndudqdvrv*v +5333, uhvxowv/ wkh Zrog uhsuhvhqwdwlrq ri wkh DUPD+u/v, surfhvv +ht 519d, dqg lwv
frqglwlrqdo yduldqfh +htv 514d0514f/ 517d, duh



























zkhuh ￿o lv gh￿qhg lq +5147e,1






























































iru q @4 >===>4=
























zkhuh ￿l lv jlyhq e| +5147e,1
Qh{w/ zkhq wkh frqglwlrqdo glvwulexwlrq lv wkh qrupdo/ frpelqlqj htxdwlrqv +F1<,0+F145,/ +D17, iru
n @4 / dqg +D18,/ diwhu vrph dojheud/ jlyhv +5147d,0+5147f, dqg +5149,1
Pruhryhu/ zkhq wkh frqglwlrqdo glvwulexwlrq lv wkh jhqhudol}hg huuru/ xvlqj htxdwlrqv +F1<,0+F145,/
dqg +E17,/ diwhu vrph dojheud/ |lhogv +5147d,0+5147f, dqg +514:d,1
Ilqdoo|/ zkhq wkh frqglwlrqdo glvwulexwlrq lv wkh grxeoh h{srqhqwldo/ frpelqlqj htxdwlrqv +F1<,0+F145,/
+E19, dqg +E1:,/ diwhu vrph dojheud/ jlyhv +5147d,0+5147f, dqg +514:e,1
Wkh ghulydwlrq ri s+|w>% 5
w￿p, lv vlplodu wr wkdw ri s+|w>k w￿p,=
￿
49